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5 HAS-FILLED MICROSPHERES WITH FLUOR INE - CONTAIN TNG SHELLS 

Description 

10 Tfirhnigfli Fi,eJ,d 

This invention is in the field of ultrasonic 
imaging. More particularly it relates to microspheres 
useful for ultrasonic imaging which comprise microbubbles 
of gas encapsulated by shells composed of a 

15 biocompatible, fluorine -containing amphiphilic material, 
aqueous suspensions of such microspheres and the use of 
such suspensions in ultrasonic imaging. 

Background 

20 Diagnostic ultrasonic imaging is based on the 

principle that waves of sound energy can be focused upon 
an area of interest and reflected in such a way as to 
produce an image thereof. The ultrasonic transducer is 
placed on a body surface overlying the area to be imaged, 

25 and ultrasonic energy in the form of sound waves is 

directed toward that area. As ultrasonic energy travels 
through the body, the velocity of the energy and acoustic 
properties of the body tissue and substances encountered 
by the energy determine the degree of absorption, 

30 scattering, transmission and reflection of the ultrasonic 
energy. The transducer then detects the amount and 
characteristics of the reflected ultrasonic energy and 
translates the data into images. 

As ultrasound waves move through one substance 

35 to another there is some degree of reflection at the 
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interface . The degree of refl ction is related to the 
acoustic properties of the substances defining the 
interface. If these acoustic properties differ, such as 
with liquid-solid or liquid-gas interfaces, the degree of 
reflection is enhanced. For this reason, gas -containing 
contrast agents are particularly efficient at reflecting 
ultrasound waves. Thus, such contrast agents intensify 
the degree of reflectivity of substances encountered and 
enhance the definition of ultrasonic images. 

Ophir and Parker describe two types of gas- 
containing imaging agents: (X) free gas bubbles; and (2) 
encapsulated gas bubbles (Merasound in Medicine and 
Biology 15(4)s319-333 (1989)). the latter having been 
developed in an attempt to overcome instability and 
15 toxicity problems encountered using the former. 

Encapsulated gas bubbles, hereinafter referred to as 
-microspheres-, are composed of a microbubble of gas 
surrounded by a shell of protein or other biocompatible 
material. One such imaging agent is ALBONEX* (Molecular 
Biosystems. Inc. San Diego. California) which consists 
of a suspension of air-filled albumin microspheres. 

Generally, microspheres of a particular gas 
exhibit improved in vivo stability when compared to free 
bubbles of the same gas. However, most microspheres 
still have relatively short in vivo half lives which 
compromise their usefulness as contrast agents. This 
instability in vivo was thought to result from the 
collapse or breakdown of the shells under pressure 
resulting in rapid diffusion of the gas from the 
microspheres. Thus, many recent efforts have centered on 
improvements to the shell as a way .of increasing in v 4 vo 
stability. Known improvements relating to protein- 
shelled microspheres include coating the protein shell 
with surfactants (Giddy. PCT/WO 92/OS806) and chemical 
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cross- linking of the protein shell (Holmes ec al.. 

FCT/W092/17213) . 

Additional efforts directed toward improving 

microsphere stability include the use of non- 
proceinaceous shell -forming materials. Biefaon ee al. 
(EPA 92/810367) and Schneider et al. Unv. Radiol. 
27:134-139 (1992)) describe the production of polymeric 
"microballoons" made of interfacially deposited polymers 
encapsulating various gases such as carbon dioxide, 
nitrous oxide, methane, freon. helium and other rare 
gases. Klaveness (PCT/W092/17212) describe the use of 
chemically- linked, non-proteinaceous amphiphilic moieties 
encapsulating -air. nitrogen, oxygen, hydrogen, nitrous- 
oxide, carbon dioxide, helium, argon, sulfur hexafluonde 
and low molecular weight, optionally fluorinated. 
hydrocarbons such as methane, acetylene or carbon 
cetrafluoride." Erbel etal. (U.S. Patent Mo. 5.190.982) 
describe the use of polyamino-dicarboxylic acid-co-imide 

derivatives. 

More recently. Schneider, et al. (European 
Patent Application 554,213 Al) have demonstrated that 
microspheres containing gases with certain physical 
properties have improved stability, it ie theorized that 
microsphere instability is caused by the increase in 
pressure to which microspheres are exposed once they are 
introduced into the circulatory system. Although 
Schneider, et al. do not speculate as to the mechanism 
responsible for their observed enhanced pressure 
resistance, we believe it is due to the effects of gas 
solubility on the rate of gas exchange with the aqueous 

environment - 

According to the principles of Henry's law. as 

pressure increases, the solubility of a given gas in 
solution will also increase, when a bubble of gas in 
35 solution is subjected to pressure, the rate of gas 
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exchange between the gas in the bubble and the 
surrounding solution will increa 8 e in proportion to the 
am ount of pressure, and the bubble of gas will -entually 
become completely solubilized. The more insoluble the 
5 gas is in the surrounding solution, the longer it will 
take for a bubble to become completely solubili*ed. 

If the bubble of gas is surrounded by a shell, 
i.e in the for*, of a microsphere, the effects of g« 
exchange are still observed, since microsphere shells do 
10 not completely eliminate the .contact between the gas in 
the microsphere and the surrounding solution. Hence, 
when microspheres suspended in solution are subjected to 
pressure, the gas inside the microspheres eventually 
becomes solubilized in the surrounding solution which . 
15 results in collapse of the microspheres. 

Microspheres useful for ultrasonic imaging 
typically have shells with a certain degree of 
elasticity- This property is necessary for two important 
reasons. Firstly, microsphere, having shells which are 
rigid may resonate at frequencies higher than those used 
for ultrasonic imaging which lessens their efficiency as 
contrast enhancers. Secondly, rigid- shelled microspheres 
can crack or break when subjected to pressure thus 
releasing their gaseous contents into the aqueous 
environment. Elastic-shelled microspheres while able to 
overcome the aforementioned problems may unfortunately be 
.ore susceptive to the effects of gas exchange . with the 
aqueous environment because of their tendency to be more 
permeable. This results in a greater degree of contact 
between the gas inside the microsphere and the 
surrounding aqueous environment thus facilitating gas 
exchange. ^ ^ ^ ^ of ga<| .„ fche 

microsphere center with the surrounding aqueous 
environment, the present invention describes the 
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introduction £ fluorine into the microsphere shell 
material. Microspher 6 having fluorine -containing sh lie 
will exhibic decreased water permeability and thus 
enhanced resistance to pressure instability due to gas 
S exchange . 

fliTl*" 1 "" " f th» Tmrention 

The present invention provides compositions and 
10 methods of ultrasonic imaging using novel gas-filled 
microspheres that have fluorine-containing shells. In 
particular, the present invention provides compositions 
for use as ultrasonic imaging agents comprising aqueous 
suspension of microspheres, the microspheres comprising a. 
15 fluorine- containing shell formed from amphiphilic, 

biocompatible material surrounding a microbubble of at 
least one biocompatible gas. 

The gas is preferably insoluble and is more 
preferably fluorinated and even more preferably a C> to 
20 C, perfluorocarbon. Suitable perf luorinated gases 
include perf luoromethane, perf luoroethane, 
perfluoropropane. perf luorobutaae and perf luoropentane . 

Suitable fluorine -containing shell material 
includes lipids, proteins (which includes both naturally 
25 occurring proteins and synthetic amino acid polymers) , 
synthetic organic polymers and mixtures and copolymers 
thereof. The shell material is preferably a protein, and 
more preferably human serum albumin. 

The present invention also provides a process 
30 for making microapheres with fluorine- containing shells 
which involves reacting the shell material with a 
fluorine-containing reactive compound which effects the 
introduction of fluorine moieties into the shell 
material . 

35 


FCTA)S95/0961t 

WO9&0M1* 

6 

The pres nt invention further provides a method 
v. the contrast of tissues and organs in an 

5 an ultrasonic image. 

U, mm - T TTrY- a °" r r> "» Tnvent i an 

The present invention relates to stabilized 
.0 microspheres which comprise a fluorine-containing shell 
10 Tried fro. biocompatible material ~™»*^ ^ 
bubble of gas. Such shell material is less water 

P ,,, r , nB interactions which take place between 

fluorine, the fluorine -fluorine interactions 

£ and shell provide an additional >™""£- 

Lchanoe with the surrounding aqueous environment 
exchange wx^^ ^ ^ ^ 

i .. . containing both hydrophobic and V**^ 1 " 
"levies. It must also be capable of forming a thin 
moieties. -.^.nmilated gas, which will 

layer or skin around the encapsulated 9 ae ' 
aenerally result m hydrophilic groups oriented 
TrnaUv and hydrophobic groups oriented internally. 

thia orientation is believed to be enhanced by the 
. presence of the insoluble gas during microsphere 
formation ^ alse be solid . Th e 

30 te rm solidTs used to refer to the state of master at the 
temperature of a — ~ ^^£1 -ate. 
di ,cinguished from ! iscreC e. non- 

and is characterized generally as bexng 
35 fluid and capable of maintaining form or shape. 
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Compositions which are quasi-liquid at the temperature at 
which the subject is imaged (the imaging temperature), 
such as certain lipids having transition temperatures 
close (i.e. within 15 e C) to imaging (body) temperature 
5 have some of the characteristics of both liquids and 

solids. These quaei-liquids are also contemplated by the 
present invention and included in the term solid. The 
thickness of a microsphere shell -ill depend primarily on 
its rigidity when formed but will generally be in the 

10 range of 10 to 500 nm. 

Different classes of materials that would be 
suitable for forming microsphere shells include, but are 
not limited to, lipids, proteins (both naturally 
occurring and synthetic amino acid polymers) , synthetic . 
organic polymers, and mixtures or copolymers thereof. 
Lipid shells can be formed from either naturally 
occurring or synthetic lipids, for example, 
phospholipids, such as phosphoglycerides. phosphatide 
acid, phosphatidylcholine, phosphatidyl serine, 
phosphatidylethanolamine, phosphatidyl inositol, 
phosphat idylglycerol . diphosphatidyl -glycerol 
(cardiolipin) ; glycolipids. such as cerebrosides. 
galactocerebrosides, gluco-cerebroaides. sphingomyelin, 
sphingolipids. derivatized with mono-, di- and 
tnhexosides. sulfatides, glycosphingolipid. and 
lysophosphatidylcholine; unsaturated fatty acids, such as 
palmitoleic acid, oleic aid. vaceenic acid, linolexc 
acid, a-linolenie acid and arachidonic acid; saturated 
fatty acids, such as myristic acid, palmitic acid, 
stearic acid, arachidic acid, behenic acid, lignocenc 
acid and cerotic acid: mono-, di- and triglycerides; 
and steroids, such as cholesterol, cholesterol esters, 
cholestanol. ergosterol. coprostanol. squalene, and 
lanosterol. 
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Shells consisting predominantly of lipids 
generally be oriented with the hydrophobic side accent 
!he gas while the hydrophiUc side form, the 
microsphere surface. The hydrophiUc moieties of most 
lipids are polar, i.e.. c.tionic or anionic such as the 
phosphate moiety of a phospholipid, or they can 
Licterionic as in phosphatidyl cholines. 
lipids without polar group, can be made polar such as by 
introduction of non-ionic hydrophiUc moieties, for 
example polyethylene glycol, or carbohydrates, 
example ^^.^ ^ & particularly useful sub- 
class of lipid shell materials. The various 
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Phospholipids have characteristic phase transition 

L.tures Tc below which the fatty acyl chains form . 

rrr c ":; a rune .«™ ~* *~ ^ 

ar r in a more quasi-liquid state. Their 

transition from quasi-crystalline to quasi-liquid with 

increases in temperature can facilitate the products of 

microS pheres that ^ « ^^^/E^ 
example, using a phospholipid with a Tc which is oe 
2S -C and 3VC. a solid shelled microsphere can be formed 
ac room temperature (20-25-C) which becomes less rigid at 
an imaging temperature of 3,o C . This may lead to 
enhanced echogenicity due to improved shell 
Phospholipids having lower Tc values, for example 
dimyristoyl or dipentadecanoyl glycerophosphate, are 
particularly suitable for use in this aspect of 

invention. eB of 

A comparison of the tc vaiue* 
a vnthecic L-«-lecitbins li,2-diacyl-sn glycero-3- 
7^Xolo^, or glycerophosphocholines, reveals that 
xc increases steadily relative to hydrocarbon chain 
length. Oipalmitoyl glycerophosphochoUne has a Tc of 
41-C while the dimyristoyl derivative has a Tc of 23 
The d.asteroyl and diarchidoyl derivatives have Tc. of 
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55.C and 66«C. respectively . It is also contemplated 
chat a mixture of these and other phospholipids that have 
different Tc values could also be used to achieve the 
desired transitional characteristics of the microsphere 
shells. Further, the gas in the microsphere and the 
introduction of fluorine into the shell material may 
alter the Tc value. This effect should be considered 
when selecting the phospholipid. 

Lipid shells may also optionally incorporate 
proteins, amino acid polymers, carbohydrates or other 
substances useful for altering the rigidity, elasticity, 
biodegradability and/or biodiatribution characteristics 
of the shell, incorporation of sterols is particularly 
useful in increasing the rigidity of the shell. The 
rigidity of the shell can also be enhanced by cross- 
linking, for example, with irradiation. 

Protein shell material includes both naturally- 
occurring proteins and synthetic amino acid polymers 
which herein are both generally referred to as being in 
the class of shell materials described as -proteins" . 
Examples of naturally-occurring proteins include gamma- 
globulin (human) . apo-transferrin (human), beta- 
lactoglobulin. urease, lysozyme. and albumin. Synthetic 
amino acid polymers can optionally be m the form of 
block or random co-polymers combining both hydrophobic 
and hydrophilic amino acids in the same or different 
chains. 

The etructure of a protein or an amino acid 
polymer is represented as: 
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• d 4. the side chain of the amino acid If or 
Whe "ia t"e R of cysteine is HSCH,> The amin acid side 
cnatn wlu tleo generally be the ferine- contain^ 

5 — °\ZZT:ZT^s are also suited 

for ^ -peatin* 

^^.rr^r: or --- :r 

units ^ica ^. pr _ include crosft-lmked 

,cl4». polyvinyl ««««.. P»«r» v ch . r .o£. 
pyridin.. polyvinyl *^""" u , COT pli^ . 

Further a9 the polyelectrolyte . see 

p , ly »,«r ot t». "" e 5 eh 'f , 54 * S ^: h P i , y ine o t por.»d heroin 

U.S. Patent Number 5,149,543 vnicn 

by »««-^ OX9 , nic — -i. 

20 w ^ be used to form polymers 

re peacin 9 unita .wh,ch b ^ 

«C " ™ lactide6 ' 9lycolides ' acryl 

25 £ " ^UhotrinUtonea. and ^-"^ 
The introduction of fluorine into the shell 
■ -, M „ be accomplished by any known method. For 
material can be accomp oerfluor o-t -butyl moieties 

the introduction of pertiuoro / 
example, the intr 5 , 234 ,680; s»m*sis of 

30 is described in U.S. New yerk . lM 5), 

fluorooucwic compounds (Springer veri i j 

„ -i , uspekhl Khimxi 1198*' a* 

Zeifman, T.v. et U.. ^ . ^ 45 p . 

and DyatKin. B.I.. «t al . P of 

120S. These methods generally in follows, 

35 perfluoroalkyl carbanions with host molecules 
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where R is a host molecule and X is a good leaving group, 
such as Br, Cl. I or a sulfonate group. After adding a 
5 leaving group to the foregoing monomeric shell materials 
using methods well known in the art, perf luoro-t-butyl 
moieties can then be easily introduced to these 
derivatized shell materials (the host molecules) in the 
manner described above. 
XO Additional methods are known for the 

introduction of trif luoromethyl groups into various 
organic compounds* One such method describes the 
introduction of trif luoromethyl groups by nucleophilic 
perf luoroalkylat ion using perf luoroalkyl- trialkylsilanes 
15 (synthetic fluorine chemistry pp. 224-245 (John Wiley k sons. 
Inc. , New York, 1992)) . 

Fluorine can be introduced into any of the 
aforementioned shell materials either in their monomeric 
or polymeric form. Preferably, fluorine moieties are 
20 introduced into monomers, such as fatty acids , amino 

acids or polymerizable synthetic organic compounds, which 
are then polymerized for subsequent use as microsphere 
shell- forming material. 

The introduction of fluorine into the shell 
25 material may also be accomplished by forming microspheres 
in the presence of a perf luorocarbon gas. For example, 
when microspheres are formed from proteins such as human 
serum albumin in the presence of a perf luorocarbon gas, 
such as perfluoropropane, using mechanical cavitation, 
30 fluorine from the gas phase becomes bound to the protein 
shell during formation. The presence of fluorine in the 
shell material can be later detected by NMR of shell 
debris which has been purified from disrupted 
microspheres. Fluorine can also be introduced into 
35 microsphere shell material using other methods for 


WO H*MM» 

12 

• spheres auch as sonication. epray-drying or 
forming microspheres, 

emulaificacion techniques ine can be introduced 

^"'rlal" ~Tu n/a £1 uorine-containing 
into the shell material cofnpound - refers 

s reactive compound. The * of interacti ng with the 

to compound, which are V ^ 

shell material m sucn maC erial. When 

become covalently .tcached » prefcrred 
th. shell forming materia xs a P ^ aeyl 

10 r eactive r a l fcy ^ ^ 

bal ides which capable of ^ ^ 

amino grou P 3 to form an am ^ (john 

action «~^^^ t 7.d.. • 
Wiley & Sons. *.« °* w _ introduced at any stage during 
1S reactive compound can be -trod ^ ^ ^ g&9 

microsphere formation, put x * le . when 

phase prior to ^^ZZZ ^^ or 
nucrosphere. are to be made using 

ult rasound cavitation technx^u es. th^ ^ ^ ^ ^ 
20 can be added to the g. ph-. W^^^ (starting ga9 , 
used in the formation of th « ^ ^ 

trough ° _ whicb ± 

golution xs kept at a of reactive 

sufficient to- introduce a ^ regultant ga s mixture. 
25 compound into the gas P h • ^ ^ reaCtive 

which now contains the start ^J* ^ The 

compound, is ^\^^ y % 0 ^ by sonication of human 
.icrospherea are pref . ^ ^ ^ „ 
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REACTIVE COMPOUND 

BOILING POINT* || 

(°o II 

*T irVT DCTCDC • 

j| 

/4iahhvl h^Yafluoroalutar&tfi 

75 (at 3 mm Hg) V 

diethyl tetraf luorosuccinate 

78 Cat 5 mm Hg) 

Arhvl hentaf luorobutvxate 

95 | 

ethyl heptaf luorobutyrate 

SO | 

echyl pentafluoropropionace 

7€ 1 

ethyl oentaf luoropropionate 

60 1 

ethyl perf luorooctanoate 

176 | 

ethyl perf luorooctanoate 

159 

ACYL HAL IDES : 


nonaf luoropentanoyl chloride 

70 

perf luoropropionyl chloride 

6 

hexaf luoroglutaryl chloride 

111 

heptafluorobutyryl chloride 

38 

* at 1 atm (lio mm Hg) unleaa otnerwise nocco acwve 


In addition to the use of alkyl halidee and 
acid esters described above, it is well known to those 

25 skilled in synthetic organic chemistry that many other 
fluorine- containing reactive compounds can be 
synthesized, such as aldehydes, isocyanates, 
isothiocyanates, epoxides, sulfonyl halidee, anhydrides, 
acid halides and alkyl sulfonates, which contain 

30 perfluorocarbon moieties (-CF,, -C a F,, -C,F t , -C(CF 3 ),). 
These reactive compounds can then be used to introduce 
fluorine moieties into any of the aforementioned shell 
materials by choosing a combination which is appropriate 
to achieve covalent attachment of the fluorine moiety. 
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Sufficient fluorine should be introduced to 

. M ™ eab ilitv of the tnicrospher shell to tne 
decrease the permcaDii^y t 
aqu eous environment. This will result xn a slower rate 
ot g as exchange with the aqueous environment whxch ,s 
5 licenced by enhanced pressure resistance. £c£*h the 
specify amount of fluorine necessary to ^* 
licrosphere will depend on the shell material and the gas 
Gained therein, after introduction of luor.ne the 
sh ell material will pr = y ^» 
m bv weight, and more preferaDiy a w * k 
10 ^ oases suitable for use within the present 

invention are pharmacologically -"eptable, i.e 
oiocomp.tible and minimally toxic to humans. The term 
'biocompatible- means the ability of the gas to be . 
15 .etabolLed without the formation of toxic by-products. 
Th Term "gas" refer, to any compound » Ich ~ 

Lpable of forming ga» at the temperature at which 
waging is being performed coavoaed of . 

physiological temperature^ ™£L£L. o€ 
2 0 single compound or a mixture «* inventton are 

r/uum.' ^'hydrocarbon gases such as methane, ethane. 

propane, n-butane. isobutane and pentane. and 
25 Lrfluorocarbon gases such as perf luoromethane. 
" Ter luo-^-' perfluoropropane. P'™™ 

perfluoroisobutane and ^^^JT^ m 

preferably a P erf luorocarbon which is 

Lich intends a solubility of less than o£ - 

~t «f water at atmospheric pressure ana « f 

MVU, "...-Yang «.n et .J. <»") *• ^ 
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insoluble gases suitable for us within th pr sent 
invention is provided in Table II. 


5 

HMO 

MOLSCUXJtK 
tftZOKT 
<g/aol> 

tOXXT 

<°C) 

«t 2S*C tad 1 fttftl 

(■l/ml x io' 1 ) u 

10 I 

sr. 

sulfur hexafluoride 

14« 


S~40 1 


cr % 

p« r f luoro»e thane 

86 

-130 

S.04 I 



pe jc £ luor oe t h*ne 

136 

-76 

1.36 _J 


CF,CF,CF, 

pcrf luoropropane 

166 

-3' 

<1 

IS 

cF,(cr,)»cr, 

perCluorobut*n« 

2)6 

-2 

<1 1 


CF,(CF,),CF, 

perfluoropmtane 

268 

28.5 

<1 


The microspheres of the present invention may 
be made by known methods used to make conventional gas- 
filled microspheres such as sonication. mechanical 
cavitation using a milling apparatus, or emulsion 
techniques. Such techniques are exemplified in U.S. 
patent Nos. 4.957.656; 5.137.928; 5.190. 9B2; 5.149,543= 
PCT Application Nos. WO 92/17212; WO 92/18164: 
WO 91/09625; WO 89/06978; WO 92/17213; GB 
WO 93/02712: and EPA Nos. 458.745 and 534.213 which are 
incorporated herein by reference. 

The microspheres of the present invention are 
echogenic (i.e.. capable of reflecting sound ^ 
composed of material having acoustic properties whxch are 
significantly different from those of blood or tissue^ 
The maximum (mean diameter) of the microsphere xs 

defined by that size which will pass through the 
pulmonary capillaries.. In the case of humans, that sxze 
will typically be less than about io micrometers. 
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Correspondingly, the minimum sire is thae which will 
provide efficient acoustic scattering at the ultrasonic 
frequencies typically used for ultrasonic imaging. (The 
frequency may vary with the mode of imaging, e.g.. 
5 transthoracic, transesophageal, and will normally be in 
the range of 2-12 mz.) The minimum size will typically 
be about 0.1 micrometers. The typical mean size of the 
microspheres used in the invention method will be about 2 
zo about 7 micrometers. This size will permit their 
10 passage through capillaries, if necessary, without being 
filtered out prior to reaching the area to be 'imaged 
(e.g., where a peripheral venous injection site is used). 
Thus, microspheres within the present invention will be- 
capable of perfusing tissue and producing an enhanced 
15 image of the tissue, organs and any differentiation 

between well -perfused and poorly-perfused tissue, without 
being injected into the arteries or directly into the 
area to be imaged. Accordingly, they may be injected 
into a peripheral vein or other predetermined area of the 
20 body, resulting in considerably less invasion than the 
arterial injections required for an angiogram. 

Microspheres within the present invention may 
be used for imaging a wide variety of areas. These areas 
include, but are not limited to, myocardial tissue. 
25 liver, spleen, kidney, and other tissues and organs 
presently imaged by ultrasonic techniques. Use of 
microspheres within the present invention may result in 
an enhancement of such currently obtainable images. 

Suspensions of microspheres are made by 
30 diluting the microspheres after formation to the desired 
concentration preferably 5 x 10' to 5 x 10' microspheres 
per ml,, of suspending liquid which can be any aqueous, 
biologically-compatible liquid. Examples of such liquids 
are buffers, saline, protein solutions and sugar 
35 solutions. 
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A microsphere suspension within the present 
inveneion is stable both in vivo and in vitro. Stability 
in vivo is a function of the ability of a concentrated 
suspension (approximately 1 X 10' microspheres per mL) to 
S withstand 4 0 pounds per square inch Cpsi) pressure ss 
evidenced by no appreciable change in size distribution 
after one minute at this pressure. 

in terms of method of operation, Che use of the 
subject microspheres would be the same as that of 

10 conventional ultrasonic contrast agents. The amount of 
microspheres used would be dependent on a number of 
factors including the choice of liquid carriers (water, 
sugar solution, etc), degree of opacity desired, areas 
of the body to be imaged, site of injection and number o£ 

15 injections, in all instances, however, sufficient 
microspheres would be used in the liquid carrier to 
achieve enhancement of discemable images by the use of 
ultrasonic scanning. 

The invention is further illustrated by the 

20 following examples. These examples are not intended to 
limit the invention in any manner. 

F.yample 1 

Prrnn m1 on of M j r ™i r h «™ connoting ot Iff . •Ti1n1<*-Baacfl 

rrr ™ r Hr—r^? ^;^;" a ti^ a an Insoluble Gas, 

A phosphatidyl choline is f luorinated as 
follows: A o-bromo carboxylic acid ester 
(BrlCH^nCOOCHjCH,) and perf luorisobutylene ( (CF,>,CF=CF,> 
are reacted in the presence of CsF and monoglyme at room 
temperature to form a fluorinated ester 
C(CF,),C(CH,).C00CH l CH,). This esterie hydrolyzed to form 
a free acid ( <CF,> ,c (CH 1 )„COOH) whieh is converted to the 
acylchloride ( (CF.J.CtOU.COCl) by reacting it with 
thionyl chloride. The acylchloride is reacted in the 
presence of base with glycerophosphocholine (1.2 


25 


30 
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fori ch fluorin»ted glyceroph sphocholxne as £ llo-. 

ft 


0 

HjC-OClCH^nCCCF,), 
0 


H-C-OC(CK») B C(Cr,) 1 

I 0 

H,C-O-P-0- (CH,) a HlCB») j 


10 

■a, l«gth o£ th. crbon ch.in .{ th. bromo 
BMU. «=W «« 4 — V * tied ' "* e " anP 

"mix., ar. fo^d by fir.1 -Uifyi- " 
1S th. MM , ingr.dl.nt. » ta. « . loll . 

th. «a.ion contain, tri.l.i». choa.-t.ro! and/or 
" tocoph.ro!. Hon09.nir.tion of th. .mul.ion "J*""* 
Lt Ld.r pr...ur. .no .t . t.*p.r.tur. abov. th. 
transition t.n*.r.tur. o« th. fl U orinat.d 
^y«ropho 8 phocholin.. toll— by cooling to roo. 
25 temperature. 

g^MPLE 2 

^^^^^^^^^^ • 

30 » poly,l.«-ie acid poly».r confining f luorin. 

lP oi y .odi,. ^^»z^ztvx:^ — 
err:.:" ^r: " -r:.. j^- - « - 

(ni.w. 95.00U, * s cooling to 

of dimethylfonnainide (DMF) at 50 c. 
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room temperature, 10 mL pyridine, l-hydroxybenzotriazole 
(1.85 g. 13.7 mmol) and perfluoro-t -butyl -propylamine 
hydrochloride (2.15 g, 6.85 mmol) were added. The 
reaction mixture was rendered anhydrous by evaporation of 
5 pyridine in vacuo. Dicyclohexyicarbodiimide £2.82 g, 
13.7 mmol> was added and the solution stirred at room 
temperature for 48 hours. N # N' -dicyclohexylurea was 
removed by filtration and the filtrate poured into water 
adjusted to pH 3.0. The precipitate formed was filtered 

10 off and subsequently dissolved in water at pH 8.0. 

Undissolved material was removed by filtration (0.22 u 
membrane filter) . The polymer solution was dialyzed 
overnight to remove soluble low-molecular weight 
material. The polymer solution was lyophilized yielding . 

15 a white sponge-like material consisting of poly sodium L- 
glutamate-co-perf luoro- t-butyl propylglut amine . 

The resultant f luorinated polyglutamic acid has 
the structure; 


20 


25 


O O 

II I 
(NH - CH - C). - (NH - CH - C> v - 

I I 

CH 2 CH a 

I I 

CH, CH Z 

COONa C0NHCH 2 CH 2 CHjC(CF 3 J 3 


with the fluorinated moieties being present randomly in 
approximately 40-50% of the glutamic acid residues in the 
30 polymer. 

The polymer is then added to human serum 
albumin, for example in a ratio of 1:10. and microspheres 
are produced as described in Examples 4 or 5 . 


35 
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..r««TTn H of * cvrniFTTf flf»™n acid POLYMER rnKTfiTWIPG 

A poly-amino acid polymer containing fluorine 
5 (po iy.3-(perfluoro-t-bucyl)-?-aminobutyric acid) is 

synthesized as follows: 

Bromoacetaldehyde diethyl acetal is reacted 
with perfluoroisobutylene in the presence of CsF and 
0 diglyne to yield: 

<CH,CH, 
CHjCH, 

1S * ci d hydrolysis of the diethyl acetal gives the 

aldehyde, strecker synthesis with ammonium cyanide 
yields the corresponding amino nitrile-. 

Hydrolysis gives the following amino acid 


(CF, 


25 


derivative : 


OOK 

30 This compound is polymerized either alone or 

with other amino acids using known methods to form a 
fluorine-containing synthetic amino acid polymer. 
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The polymer is then added to human eerum 
albumin, for example in a ratio o£ 1:10. and microspheres 
are produced as described in Examples 4 or 5. 

Example 4 
f4^tihod o f Making MigroBBherea 
ftY fyHlW^l Cavitation 

Microspheres are produced using the shell- 
forming materials of Example 2 or 3 as follows ; A 5% 
solution is deaerated under continuous vacuum for- two 
hours. The vacuum is released by filling the evacuated 
vessel with the gas to be used for formation of the 
microspheres. The solution is adjusted to a temperature 
(about 68 »C) necessary to achieve local denaturation of 
the albumin upon cavitation via an in line heat exchanger 
and pumped at about 100 mL/min into a colloid mill, for 
example, a 2" colloid mill (Oreerco. Hudson HH. model 
VJ250V or AF Gaulin, Everett. MA. model 2F) . The gas. at 
room temperature, is added to the lio^iid feed just 
upstream of the inlet port at a flow rate of about 120- 
220 mL/min. The gap between the rotor and the stator is 
adjusted to about 2/l000th inch and the albumin solution 
is milled continuously at about 7000 rpm at a process 
temperature of about 73'C. 
25 T he dense white solution of microspheres thus 

formed is immediately chilled to a temperature of about 
10»C by a heat exchanger, and collected in glass vxals. 
The vials are immediately sealed. 

30 


20 


35 


rCT/OS95/0WM 

wo www 

22 

Example 5 

Microspheres are produced using the shell - 
5 forming materials of Example 2 or 3 a B follows: K 5% 
solution is de.erated under continuous vacuum for two 
Tours The vacuum >s released by fill***, evacuated 
vessel with the gas to be used for formation of the 
10 microspheres. The continuous sonicatior i proe.« « 
10 performed as described by Cerny «JSP 4.»»7.«« . 

The dense white solution of microspheres thus 
formed is immediately chilled to a temperature of about 
[oZty a heat exchanger, and collected in glass vials- 
The vials are immediately sealed. 


T T ,™ ««ff J --v r* " f Microspheres 
Microspheres with fluorine-containing shells 
are prepared as described in Examples 4 or 5 above. 
10 ten mL aliquot of each suspension adjusted to a 

ten vfuj m . _ lv x x 10 » microspheres per 

rir;;::;;: srss. u ,1— - . » * 

^ass ga^ight syringe (Hamilton, *eno W> fitt- -h a 
Lessure gauge. All headspace is removed and the 
" apparatus Is sealed. K constant pressure of about 40 p~ 
is applied for about , minutes. * Coulter Counter is 
used to measure the sample particle concentration and 
distribution. Stable microspheres exhibit no s.gn^cant 
change (less than 10%) in the mean size of the 
30 microspheres after application of pressure. 
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gxawple ~> 

Elasticity 

Microspheres with fluorine-containing shells 
are prepared as described in Examples 4 or S above. 
5 Microspheres are diluted into phosphate buffered saline 
to a concentration of approximately l X 10* microspheres 
par mL and placed in a clear cell positioned on the stage 
of a microscope. The cell is connected to a nitrogen 
source that allows observation of the effects of rapid 
10 application and release of up to 3 psi pressure on the 
microspheres. Elastic microspheres are capable of 
returning to their original dimensions after release of 
applied pressure. 

n^aone>gt ,ic TmAoina 

Microspheres prepared as described in Examples 
4 and 5 are used in diagnostic imaging as follows: For a 

20 dog weighing approximately 2S Kg. a 1.0 mL volume of a 
microsphere suspension containing 5 X 10' to 5 X 10' 
microspheres per mL is injected into a peripheral 
(cephalic) vein at a rate of 0.3 mL per second. Images 
of the heart are acquired using a Hewlett Packard Sonos 

25 1500 (Andover. MA) ultrasonograph in the B-mode using a 

transthoracic 5.0 mH* transducer. Images are recorded at 
a frame rate of 30 frames per second throughout the 
procedure and stored on S-VHS tape for later processing. 


30 
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WHAT IS CLAIMED IS: 

1 A composition foruse as an ultrasonic 
5 imaging agent comprising an aqueous suspension of 

rcUe.es. said micr^- ^^^L 

10 gas- 

2 . The opposition of ol«i» 1. *.r«iB ch. ,« 

M , . .ability °< 1«« * >*' * W * C " 

25°C and 1 atm. 

15 3 . The composition of claim 2. wherein the 

gas is a perf Xuorocarbon. 

4. The composition of claim 3, wherein the 

a * s is selected from the group consisting 

perfluorobutane and perf luoropentane . 

5. The composition of claim 1, wherein the gas 

2S is a hydrocarbon. 

6 . The composition of claim 5. wherein the 

is selected from the group consisting of 
hydrocarbon gas is select leobutan e and 

methane, ethane, propane, n-butane. iso 

30 pentane. -laim l wherein the 

7 The composition of claim i. W,,C4 

fltt orine-containing amphiphilic "rTltSaL" 
i. selected from the group consisting of Ixpxds. 
proteins, synthetic organic polymers and mixtures and 
3S copolymers thereof. 
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8. The composition of claim 1, wherein th 
f luorine- containing amphiphilic biocompatible material is 
a lipid. 

5 9. The composition of claim 6, wherein the 

lipid is a phospholipid. 

10. The composition of claim 1, wherein the 
fluorine-containing amphophilic biocompatible material is 

10 a protein. 

11. The composition of claim 10 wherein the 
protein is human serum albumin. 

15 12. The composition of claim 1, wherein the 

fluorine- containing amphiphilic biocompatible material is 
a synthetic organic polymer. 

13. The composition of claim l wherein the 
20 microsphere shells contain 0.5 to 20 percent by weight 

fluorine - 

14 . A procesB for making pressure resistant 
microspheres comprising the steps of: 

2S (a) reacting a fluorine-containing 

reactive compound with the microsphere shell material and 

(b) simultaneously or subsequently 
forming microspheres. 


30 


15. The process of claim 14 wherein the 
reactive compound is selected from the group consisting 
of aldehydes, ieocyanates, isothiocyanates, epoxides, 
alkyl esters, acyl halides, sulfonyl halides, anhydrides, 
acid halides, and alkyl sulfonates. 
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16 The process of claim 14 wher in the 
r eacciv c mpound contain* at least one p rf luorocarbon 
moiety selected from the group consisting of -CF,.-C,F,.- 
C,F, and -C(CF 4 >>. 

5 17 The process of claim 14. further 

comprising forcing the microsphere, in the presence of at 
TZ, one gas having a solubility of less than o.oi «. 
per mL of water at 25»C and 1 atm. 

10 1B . The process of claim 17 wherein the gas is 

a perf luorocarbon gas. 

19 a method to enhance the contrast of 
15 tissues and organs of a patient in an ultrasonic image 
comprising:^ ^ compo8iti0 n of claim 1 into 

the patient; and 

(b) ultrasonically imaging the tissues and 
20 organs while the composition is present therein. 
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